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1D1 TCTTION 

MATERTAKS AND M hTHUU>i E !£ ■ " " 

The subject invention was made with government support under a research projeet 
supported hy Nation, htsdtute of Heahh Gran, No. CA69959 and R37A125904. The 
government has certain rights in this invention. 

Qn^P^.tn a Related Applications 
This application is a contiuuatton of U.S. application Sena, No. 09/64W64 filed 
August 25,2000. whtch claims the benefit of U.S. Provision, Appiication No. 60/151,026, 
filed August 27, 1999. 

BaekgEound ofths Invention 
The interferons have been classified into .wo disUnc. groups: type I interferons, 
including IF*. MP, and IF* (also known as ffNaH); and type U interferons 
represented by IFNv (reviewed by DeMaeyer e< at., 1998). In humans, it is estimated that 
L are a, leas, 17 IFNo non-a„e„c genes, a, .east about 2 or 3 .FNp non-allehc genes, and 

J 1984) Further, these proteins have a,so shown activity agams, multip.e myeloma, 
hmntc ymphocytic leukemia, low-grade lymphoma, Kaposi's — chrome 

IJLeta, .984;0.dham, 1985). The role of interferons and interferon receptors** 
^lofce^nau— e and —tery diseaaes has a)so been mvestigated 

Atpha interferons have shown activity against human paprl.omavints infection, Hepatitis B, 
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and Hepatitis C infections (Finter et aL, 1991; Kashima et aL, 1988; Dusheiko et aL, 1986; 
Davis et al , 1989). In addition, studies with IFNct and 1FN T have shown suppression of IgE 
production in allergic diseases (Noh et aL, 1998; Hofstra et aL, 1998; Lack et aL, 1996; 
Dolen et aL, 1995; Kimata et aL, 1995; Gruschwitz et aL, 1993). 

Significantly, however, the usefulness of IFNa's has been limited by their toxicity: 
use of interferons in the treatment of cancer and viral disease has resulted in serious side 
effects, such as fever, chills, anorexia, weight loss, and fatigue (Pontzer et aL, 1991; 
Oldham 1985). These side effects often require (i) the interferon dosage to be reduced to 
levels mat limit the effectiveness of treatment, or (ii) the removal of the patient from 
treatment. Such toxicity has reduced the usefulness of these potent antiviral and 
antiproliferative proteins in the treatment of debilitating human and animal diseases. 

Interferon-tau (IFNx) is a member of the type I IFN family but, unlike IFNa and 
TFNP, IFNx lacks toxicity at high concentrations in vitro and when used in vivo in animal 
studies (Bazer et aL, 1989; Pontzer et aL, 1991; Soos, Johnson, 1995; Soos, et aL, 1995; 
Soos et al 1997; Khan et aL, 1998). IFNx was originally identified as a pregnancy 
recognition hormone produced by trophoblasts cells of the placenta of ruminants such as 
sheep and cows (Bazer et aL, 1991; Godkin et aL, 1982; Imakawa et aL, 1987; Johnson et 
al. 1994). It has been reported that a human IFNx exists (Whaleye^/., 1994) but this 
observation has not been confirmed. Thus, it is currently unknown as to whether there is a 
human IFNx. IFNx exhibits antiviral and cell inhibitory properties which are very similar 
to that of IFNa and IFNp (Bazer et aL, 1989; Pontzer et aL, 1991; Soos, Johnson, 1995). 
However IFNx lacks the cellular toxicity associated with high concentrations of IFNa and 
IFNP (Bazer et aL, 1989; Pontzer et aL, 1991). Further, the weight loss and bone marrow 
suppressionthat is associated wim admimstering high doses of IT^a and IF^P to individuals 
is absent with IFNx in animal systems (Soos, Johnson, 1995; Soos et aL, 1995; Soos et aL, 
1997). Studies have shown that the N-terminus of type I IFNs play a role in the toxicity or 
lack thereof for an IFN (Pontzer et aL, 1994; Subramaniam et aL, 1995). 

It has been reported that IFNx suppresses the humoral and cellular responses in 
experimental allergic encephalomyelitis (EAE), an animal model for the autoimmune 
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disease, multiple sclerosis (Mujtaba <**/., 1998). It has been shown that IFNx suppresses 
the responses of lymphocytes to mitogens such as Con A and superantigens such as SEA and 
SEE (Soos, Johnson, 1995; Soos et al, 1995; Khan et al, 1998). There are also reports, 
again in the EAE model, that IFNx and other type I UNs can induce IL-10 and TGFP, but 
not IL-4 production by cells that have already been activated by antigen presenting cells 
(Soos, Subramaniame^/., 1995; Mujtaba etal, 1998; Mujtaba* al, 1997). IFNx has also 
been suggested for use in the treatment of Multiple Sclerosis in humans. 

Production of IgE immunoglobulin is important in mediating allergic diseases such 
as allergic rhinitis, atopic dermatitis, bronchial asthma, and food allergy. Allergic 
sensitization of mice by intraperitoneal (ip) injection with ovalbumin (OVA) as an allergen 
and aluminum hydroxide as an adjuvant is a well characterized method of stimulating IgE 
production in vivo (Mancino et al, 1980; Miguel et al, 1977; Beck et al, 1989). When 
OVA-immunized mice are challenged with aerosolized OVA, they show inflammatory cell 
infiltration in the submucosal layer of the lungs (Kay et al, 1992; Hamelmann et al, 1996; 
Hamelmann et al, 1997). IgE can stimulate the release of certain chemotactic mediators 
from mast cells that can lead to active accumulation of macrophages and granulocytes at the 
site Also production of a further set of inflammatory molecules by these cells can lead to 
allergic asthma. Thus, allergen specific IgE production by B cells is important m the 

pathogenesis of allergic diseases. 

Conventional therapy for allergic disease consists of decongestants and anti- 
histamines, which function to reduce symptoms after allergic responses occur. Thus, there 
remains a need in the art for a treatment of allergic diseases which lacks toxic side effects 
and functions to block allergic response, thus acting prior to symptomology. 

pri P f Summary o f the Invention 
The subject invention concerns novel methods and materials for treating patients 
afflicted with allergic conditions, such as allergic rlunitis, atopic dermatitis, broncmal asto 
and food allergy. The method of the subject invention comprises administering a type I 
interferon, such as interferon tau (IFNx), or a chimeric IFN (for example, ovine IFNx (1-27)/ 
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human IFNaD (28-166)) to a person afflicted with an allergic condition. When 
administered, the interferon suppresses the production of allergen-specific IgE antibodies 
without toxic side effects. The subject invention also concerns chimeric ovine/human IFNs 
which can be used in the methods of the invention. 

5 

Brief Descrip tion nf the Drawings 
Figures 1A and IB show the inhibition of OVA-specific IgE antibody production 
in OVA-sensitized mice by IFNx treatment. BALB/C mice were immunized by ip injection 
with ovalbumin (OVA) mixed with aluminum hydroxide and boosted seven days later. The 
10 mice were exposed to aerosolized OVA (1% w/v) on days 19 and 20 after immunization for 
20 minutes. Mice were treated daily with ip injections of IFNx (5 x 10 5 U/day) or PBS 
starting three days prior to immunization. Blood was collected 24 h prior to (Figure 1 A) and 
24 h after (Figure IB) aerosolized OVA exposure. Direct ELISA was performed to detect 
OVA-specific IgE levels. Two to three mice per group were used, and average absorbance 
15 is shown. Control absorbance using a normal mouse serum has been subtracted out from 
each dilution point. Statistical significance for the inhibition of OVA-specific IgE antibody 
production was shown by Student's t test at all dilutions (except for the 10,000 dilution) for 
IFNx treatment as compared to PBS treatment (p<0.05). 

Figures 2A-2C show the histological evaluation of OVA-immunized mice after 
20 treatment with PBS or IFNx. BALB/C mice were immunized with OVA and exposed to 
aerosolized OVA on day 20 after immunization and treated with PBS or IFNx as previously 
described. Twenty-four hours after aerosolized OVA treatment, lungs from non-immunized 
(Figure 2A), PBS treated (Figure 2B), and IFNx treated (Figure 2C) mice were extracted, 
fixed, embedded in paraffin, sectioned and stained with hematoxylin and eosin for 
25 inflammatory cells. Arrows indicated the epithelium of the bronchiole. 

Figure 3 shows IL-4 levels in sera of OVA-immunized mice treated with PBS or 
IFNx. BALB/C mice were immunized with OVA and exposed to aerosolized OVA and 
treated with PBS or IFNx as previously described in Figure 1 description. Blood was 
collected 24 h after aerosolized OVA exposure, and a sandwich ELISA for IL-4 was 
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performed. Two to three mice per group were used, and average amount (ng) of IL-4 is 
shown. Control level from naive mouse serum was subtracted from the PBS and IFNt 
levels. 

Figures 4A and 4B show in vivo treatment of OVA-immunized mice with IFNt 
5 reduces OVA-stimulation of splenocytes. BALB/C mice were immunized with OVA and 
exposed to aerosolized OVA and treated with PBS or IFNt as previously described in the 
Figure 1 legend. Spleen cells (5 x 10 5 cells/well) were cultured with OVA at 100 ug/ml for 
72 h, after which the cultures were pulsed with tritiated thymidine. PBS-treated splenocytes 
were also incubated with BSA and MBP at 100 ug/ml (Figure 4B). Cell associated 
10 radioactivity was quantified 12 h later using a p-scintillation counter, and data from one of 
three experiments are presented as mean cpm of quadruplicate wells ± SD. Statistical 
significance for the inhibition of OVA-induced cell proliferation by IFNt treatment as 
compared to PBS treatment was shown using Student's t test (p<0.001). 

Figure 5 shows in vitro treatment of splenocytes with type I IFNs inhibit OVA- 
15 specific proliferation. BALB/C mice were immunized by ip injection of OVA mixed with 
aluminum hydroxide and boosted 7 days later. The mice were exposed to aerosolized OVA 
(lo/ 0 w/v) on day 19 and 20 for 20 minutes. Spleen cells (5 x 10 5 cells/well) were cultured 
with 15000 U/ml of various IFNs and media in the presence or absence of 100 ug/ml OVA 
for 84 h, after which the cultures were pulsed with tritiated thymidine. Cell associated 
20 radioactivity was quantified 12 h later using a p-scintillation counter, and data from one of 
three experiments are presented as mean cpm of quadruplicate wells ± SD. Inhibition of 
OVA specific splenocyte proliferation by all the IFNs was statistically significant as 
compared to OVA-specific splenocyte proliferation of OVA-sensitized medium-treated cells 
as shown by Student's t test (p<0.001). 
25 Figures 6A-6C show immunoblot detection of mouse and human IgE in culture 

supernatants taken from ovalbumin (OVA)-sensitized mouse splenocytes or human myeloma 
B cells treated with various IFNs or media. Figure 6A includes Lane 1, control mouse IgE; 
lane 2, RPMI 1640 supplemented with 10% FBS; lanes 3 and 4, 84 h supernatants from 
naive mouse splenocytes cultured in the absence or presence of OVA, respectively; lanes 5 
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and 6, 84 h supernatants from PBS-treated OVA-sensitized mouse splenocytes cultured in 
the absence or presence of OVA, respectively; lanes 7 and 8, 84 h supernatant from IFNx- 
treated OVA-sensitized mouse splenocytes in absence or presence of OVA, respectively. 
Figure 6B includes Lane 1, control mouse IgE; lane 2, RPMI 1640 medium only; lane 3, 84 
5 h splenocyte culture in the absence of OVA; lanes 4, 5, 6, and 7, 84 h splenocyte (5 x 10 5 
cells/well) cultures with OVA in presence of media, EFNt, FNx/IFNa chimeric, and IFNaD, 
respectively. Figure 6C includes Lane 1, RPMI 1640 medium only; lanes 2, 3, 4, and 5, IgE 
producing U266BL cells, which were starved overnight, and incubated at 2 x 10 s cells/well 
for 96 h in the presence of media, 1 .0 x 10 4 U/ml IFNaD, IFNx/IFNaD chimeric, and IFNx, 

10 respectively. 

Figure 7 shows the inhibition of proliferation of the IgE-producing human myeloma 
B cell line U266 by type I IFNs. The IgE-producing U266BL cells, which were starved 
overnight, were incubated at 2 x 10 5 cells/well in the presence of 1.0 x 10 4 U/ml of IFNx, 
IFNx/IFNaD chimeric, IFNaD, and media 72 h. Cultures pulsed with tritiated thymidine, 
and cell associated radioactivity was quantified 12 h later using a P-scintillation counter, and 
data from one of three experiments are presented as mean cpm of quadruplicate wells ± SD. 
Percent cell viability, as measured by trypan blue exclusion test, is presented above each bar. 
Statistical significance for the inhibition of cell proliferation was shown by Student's t test 
for all the IFN treatments as compared to the media treatment (p<0.001). 

Figure 8 shows the metabolic activity of human peripheral blood mononuclear cells 
(HPBMC) after treatment with IFNs. HPBMC were cultured in the presence of varying 
concentrations (250 to 100,000 U/ml) of IFNx, IFNaD, and IFNx/IFNaD chimeric for seven 
days. Metabolic activity of HPBMC was assessed by measuring cell proliferation and 
viability as described in the Materials and Methods and reported here as percent of the 
untreated control. Values for HPBMC treated with ovine IFNx and IFNx/IFNa chimeric 
were not significantly different from the untreated control whereas values for HPBMC 
treated with human IFNa were significantly different (p<0.05) from the untreated controls 
as determined using the Wilcoxon signed-rank test. 



15 



20 



25 
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rwailftd Description of the Invention 
The subject invention concerns novel therapeutic and prophylactic methods for 
treating any condition where suppression or inhibition of IgE production is useful or 
beneficial, including allergic diseases and other IgE-related diseases or conditions. Disease 
5 conditions that can be treated according to the subject methods include, but are not limited 
to, allergic rhinitis, atopic dermatitis, bronchial asthma and food allergy. In the methods of 
the present invention, an effective amount of a composition comprising a type I IFN, such 
as IFNa, IFNp, IFNx or IFNco, or a chimeric IFN, is administered to a person having a 
condition where suppression or inhibition of IgE production is clinically desirable. 
10 in one embodiment of the subject invention, an effective amount of IFNx is 

administered to a person or animal afflicted with, or predisposed to, an allergic condition or 
other IgE-associated condition. The IFN used in the subject methods can be from any 
animal that produces the IFN, including but not limited to, primate, ovine, bovine and others. 
In another embodiment of the subject invention, a mammalian IFN that has an amino 
15 acid sequence that provides the low toxicity of IFNx with the bioactivity of other type I IFNs 
is used in the subject methods to treat a person or animal afflicted with, or predisposed to, 
an allergic condition or other conditions or diseases where suppression of IgE production or 
response is beneficial. In a preferred embodiment, an effective amount of a chimeric IFN 
comprising a mammalian IFNx amino terminus and a human type I IFN carboxy terminus, 
20 such as that from IFNa, is administered to a person afflicted with, or predisposed to, an 
allergic condition or other IgE-associated condition. More preferably, the chimeric IFN 
protein comprises amino acid residues 1-27 of ovine IFNx and amino acid residues 28-166 
of human IFNa. In an exemplified embodiment, the IFNa is IFNaD. 

The subject invention also concerns methods for suppressing IgE production and cell 
25 proliferation in vivo and in vitro using a type I interferon. As exemplified herein, 
splenocytes taken from an ovalbumin (OVA) immunized animal using either IFNx or a 
chimeric IFNx protein suppressed OVA-induced proliferation and IgE production. Thus, the 
methods of the subject invention can be used to suppress IgE production in an animal or 
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person. The methods of the subject invention can also be used to suppress IgE production 
in vitro. 

The present invention also concerns methods for inhibiting B cell and T cell 
responses, including cell proliferation and cytokine production. As exemplified herein, type 

5 I IFNs can be used to inhibit production of IL-4. The cytokine IL-4 plays a central role in 
isotype switching of the B cells to IgE production. 

Biologically active muteins (mutated proteins) of the subject polypeptides, as well 
as other molecules, such as fragments, peptides and variants, that possess substantially the 
same IgE-suppressive bioactivity as the subject IFN polypeptides, are contemplated within 

1 0 the scope of the subj ect methods. For example, IFNx polypeptides that contain amino acid 
substitutions, insertions, or deletions that do not substantially decrease the biological activity 
and function of the mutant polypeptide in comparison to native polypeptide are within the 
scope of the present invention. Specifically contemplated within the scope of the invention 
are fragments of the type I IFN that retain substantially the same biological activity as the 

1 5 full length IFN. The muteins and fragments of IFNs can be readily produced using standard 
methods known in the art. For example, by using the Bal31 exonuclease (Wei et al, 1983), 
the skilled artisan can systematically remove nucleotides from either or both ends of the 
polynucleotide to generate a spectrum of polynucleotide fragments that when expressed 
provide the IFN fragment encoded by the polynucleotide. 

20 Therapeutic application of the subject polypeptides and compositions containing 

them can be accomplished by any suitable therapeutic method and technique presently or 
prospectively known to those skilled in the art. The polypeptides can be administered by any 
suitable route known in the art including, for example, oral, parenteral, subcutaneous, or 
intravenous routes of administration. Administration of the polypeptides of the invention 

25 can be continuous or at distinct intervals as can be readily determined by a person skilled in 
the art. 

The subject invention also concerns chimeric IFN polypeptides and the 
polynucleotides that encode them. In one embodiment, the chimeric IFNs comprise ovine 
and human IFN regions. Preferably, a chimeric IFN protein of the invention comprises an 
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ovine IFNx amino terminus and a human IFNot carboxy terminus. In an exemplified 
embodiment, the chimeric IFN protein comprises amino acid residues 1-27 of ovine IFNx 
and residues 28-166 of human EFNaD. The polynucleotide sequences encoding the chimeric 
IFNs of the present invention can be readily constructed by those skilled in the art having 
5 the knowledge of the amino acid sequences of the subject polypeptides. As would be 
appreciated by one skilled in the art, a number of different polynucleotide sequences can be 
constructed due to the degeneracy of the genetic code. The choice of a particular nucleotide 
sequence could depend, for example, upon the codon usage of a particular expression 
system. 

! o Compounds useful in the subject invention can be formulated according to known 

methods for preparing pharmaceutically useful compositions. Formulations are described 
in detail in a number of sources which are well known and readily available to those skilled 
in the art. For example, Remington 's Pharmaceutical Science by E.W. Martin describes 
formulations which can be used in connection with the subject invention. In general, the 

15 compositions of the subject invention will be formulated such that an effective amount of 
the bioactive polypeptide is combined with a suitable carrier in order to facilitate effective 
administration of the composition. The compositions used in the present methods can also 
be in a variety of forms. These include, for example, solid, semi-solid, and liquid dosage 
forms, such as tablets, pills, powders, liquid solutions or suspension, suppositories, injectable 

20 and infusible solutions, and sprays. The preferred form depends on the intended mode of 
administration and therapeutic application. The compositions also preferably include 
conventional pharmaceutically acceptable carriers and diluents which are known to those 
skilled in the art. 

The compounds of the subject invention can also be administered utilizing liposome 
25 technology, slow release capsules, implantable pumps, and biodegradable containers. These 
delivery methods can, advantageously, provide a uniform dosage over an extended period 
of time. 

Examples of carriers or diluents for use with the subject polypeptides include ethanol, 
dimethyl sulfoxide, glycerol, alumina, starch, and equivalent carriers and diluents. To 
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provide for the administration of such dosages for the desired therapeutic treatment, new 
pharmaceutical compositions of the invention will advantageously comprise between about 
0.1% and 45%, and especially, 1 and 15% by weight of the total of one or more of the 
polypeptides based on the weight of the total composition including carrier or diluent. 
5 All patents, patent applications, provisional applications, and publications referred 

to or cited herein are incorporated by reference in their entirety to the extent they are not 
inconsistent with the explicit teachings of this specification. 

Materials and Methods 

10 Interferons . 

The ovine interferon tau (IFNx) gene was expressed in Pichia pastoris using a 
synthetic gene construct (Heeke et al, 1996). IFNx was secreted into the medium and was 
purified by successive DEAE-cellulose and hydroxylapatite chromatography to 
electrophoretic homogeneity as determined by SDS-PAGE and silver staining analysis. The 

15 purified protein had a specific activity of 2.9 - 4.4 x 10 7 U/mg protein as measured by 
antiviral activity using a standard viral microplaque reduction assay on MDBK (Pontzer et 
al, 1991). The recombinant human IFNaD was from Biosource International, Camarillo, 
CA. The "humanized" IFNx/IFNaD chimeric protein was constructed using residues 1-27 
of the ovine IFNx and residues 28-166 of the human IFNaD and was expressed in Pichia 

20 pastoris as previously described for ovine IFNx (Heeke et al. , 1996). 

IFNx was administered intraperitoneally (ip) at 5 x 10 5 U/mouse daily starting 96 h 
prior to immunization and continuing everyday thereafter for a month. Control mice 
received PBS. 



25 Immunization of mice . 

BALB/C mice were immunized ip with lOug of ovalbumin (OVA) (Sigma, St. Louis, 
MO) precipitated with 5 mg aluminum hydroxide gel in a total volume of lOOuL. Aluminum 
hydroxide gel was prepared as previously described (Revoltella et al, 1969; Warner et al, 
1968). Mice were immunized again 7 days after the initial immunization using the same 
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protocol. The mice were exposed to aerosolized OVA from 1% OVA (w/v) in PBS on days 
19 and 20 after immunization. Aerosolization was performed for 20 min using the Pari Is 
Jet + nebulizer and compressor (Pari Respiratory Equipment, Inc., Midlothian, Virginia). 
Mice were housed and cared for at the Animal Resource Center (University of Florida), and 
5 all experimental animal uses were approved by the Institutional Animal Care and Use 
Committee (IACUC). 



Histological evaluation . 

The lungs of OV A-immunized mice that had been exposed to aerosolized OVA were 

1 0 intratracheally perfused with 4% paraformaldehyde solution. The lungs were fixed for 2-3 
days in the same solution after which lung samples were embedded in paraffin and sectioned. 
Samples were then stained with hematoxylin and eosin. Also, blood smears were prepared 
on slides from the same mice, and slides were stained with the "LEUKOSTAT" staining kit 
(Fisher Scientific, Pittsburgh, PA) for the determination of differential white blood cell 

1 5 count. A total of 1 50 white blood cells were evaluated. 



Proliferation assay . 

Spleen cells taken from mice 21 days after immunization from PBS or IFNi-treated 
mice were cultured at 5 x 10 5 cell/well in presence of OVA for 72 to 84 h in RPMI 1640 

20 medium containing 10% FBS. In other assays, PBS-treated mouse splenocytes were 
incubated at 5 x 10 5 cells/well in presence of OVA and various IFNs (10,000 to 15,000 
U/ml) for 72 to 84 h. The cultures were pulsed with [ 3 H] -thymidine (1.0 uCi/well; 
Amersham, Indianapolis, IN) and harvested 12 h later on to filter paper discs using a cell 
harvester. Cell associated radioactivity was quantified using a p-scintillation counter and 

25 activity reported in CPM. Proliferation assays on the U266BL myeloma B cells were also 
carried out by incubating the cells in RPMI 1640 medium overnight prior to culturing 4 x 
10 5 cells/well with various IFNs at 10,000 to 15,000 U/ml in RPMI 1640 containing 4% 
FBS. Cultures were incubated for 72-84 h after which cells were pulsed with [ 3 H]-thymidine 
prior to harvest 12 h later. Cell associated radioactivity was quantified using p-scintillation 
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counter and activity reported in CPM. The U266BL cell line, an IgE producing myeloma 
that was isolated from the peripheral blood of a patient, provides a system to assess the direct 
effects of IFNt on an IgE producing cell (Nilsson et al, 1970). This cell line allows one to 
study the effects of IFNt on B cells with ongoing IgE synthesis. 

5 

Enzyme Liaksd Imirmnoadsorhent Assay. 

OVA was resuspended in binding buffer (0.1 M carbonate/bicarbonate, pH 9.6) and 
absorbed onto the flat bottoms of plastic 96-well tissue culture wells overnight at 4°C at a 
concentration of 2ug/well and subsequently evaporated to dryness. The plates were treated 
10 with blocking buffer, 5% powdered milk in PBS, for 2 h in order to block nonspecific 
binding and then washed three times with PBS containing 0.05% Tween 20. Various 
dilutions of sera from BALB/C mice which were IFNT-treated or PBS-treated or 
nonimmunized (naive) mice were added to the wells and incubated for 3 h at room 
temperature. After extensive washing, rabbit anti-mouse IgE antibody (Accurate, NY) was 
15 added. Plates were washed three times prior to addition of 1:1000 diluation of horse radish 
peroxide (HRP) conjugated goat anti-rabbit immunoglobulin (Amersham Pharmacia Biotech, 
Piscataway NJ). Color development was monitored at 490 mn in an ELISA plate reader 
(BioRad, Richmond, CA) after the substrate solution (0.002M o-phenylenediamine 
dihydrochloride, 0.012% H 2 0 2 , 0.05 M Na Citrate, 0.05 M citrate) was added and the 

20 reaction terminated with 2M H 2 S0 4 . 

For the detection of IL-4 in blood, sera samples were collected from PBS- or IFNt 
treated mice and incubated in 96 well plates that had rabbit polyclonal anti-mouse IL-4 
antibody (Biosource Int., Camarillo, CA) bound to it. After washing, 25ug/ml of rat 
monoclonal anti-mouse IL-4 biotinylated antibody was added for 1 h incubation. A 1:1000 

25 dilution of HRP-conjugated avidin was added after the incubation and washings, and 
substrate color development was monitored as described above. The limit of detection of 
the IL-4 ELISA was 7 ng/ml. 
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Western blot . 

Culture supematants from both IFN or media treated OVA-sensitized splenocytes, 
and U266BL myeloma B-cells, were loaded at lOug/lane (total protein) on 15% and 10% 
SDS-PAGE READY GELS (BioRad, Richmond, CA) respectively, and run at 100 volts. 

5 Overnight transfer onto nitrocellulose membrane was carried out, after which the membrane 
was blocked with 5% milk in Tris-buffered saline pH 7.5, 0.1% Tween 20 for 1 h. 
Immunoblots were incubated with a 1:1000 dilution of either goat anti-human IgE 
(Biosource Int., Camarillo, CA) coupled to HRP or rabbit anti-mouse IgE (Accurate, NY). 
The mouse IgE blot was incubated further after three washes with HRP conjugated anti- 

10 rabbit Ig (Amersham Pharmacia Biotech, Piscataway, NY) for 1 h. Blots were washed and 
analyzed through film development. 

Toxicity Assays of IFNs . 

Toxicity assays using human peripheral blood mononuclear cells (HPBMC) were 
carried out by culturing HPBMC in the presence of varying concentrations of IFNt, IFNaD, 
and chimeric IFNx/IFNaD for seven days. Metabolic activity of HPBMC was assessed using 
WST-1 (Boehringer-Mannheim, Indianapolis, IN), which measures cell proliferation and 
viability based on the enzymatic activity of mitochondrial dehydrogenases in viable cells. 



15 



20 



25 



Following are examples which illustrate procedures for practicing the invention. 
These examples should not be construed as limiting. All percentages are by weight and all 
solvent mixture proportions are by volume unless otherwise noted. 

pvo™ ^ 1 . TFNt inhibits production o f O V A-speci fic IpE antibody in mice 

As shown in Figure 1A, daily injections (ip) of IFNt at 5 x 10 5 units beginning prior 
to OVA-aluminum hydroxide injection (ip) blocked IgE antibody production by over 50%. 
Further, the blocking continued even when the mice where challenged with aerosolized OVA 
(Figure IB). Thus, IFNt inhibited OVA-specific IgE antibody production under conditions 
where the mice were immunized to OVA by injection and challenged by inhalation. 
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E2Lampl e 9 - Be te d mflaBmatory cglj infiltration of IFNx-treated mice 

OVA immunized mice were challenged with aerosolized OVA following treatment 
with IFNx in order to determine if the IFN treatment inhibited inflammatory cell infiltration 
into the lungs. IFNx inhibition of cellular infiltration is shown in Figure 2 where lung 
sections of naive (Figure 2A), PBS treated (Figure 2B), and IFNx treated (Figure 2C) nuce 
are compared. The destruction of the integrity of the epithelial tissue lining the broncluole 
of the PBS treated mice (Figure 2B) versus the protection in IFNx treated mice (F lg ure 2C) 
was evident. Eosinophil, basophil, and lymphocytic infiltration was assessed around 
bronchioles and blood vessels of IFNx and PBS treated (control) mice. Significantly fewer 
bronchioles had peribronchiolar aggregates of granulocytes with IFNx treatment (20%) as 
compared to PBS treatment (64%) (Table I). 



Table I. IFNx reduces 



OVA-induced inflammatory cell infiltration into the bronchioles* 




Blood smears 



Eosinophil Basophil Neutrophil Monocyte lymphocyte 



PBS 

IFNx 

Naive 



11 ±5.0 
2.5 ±0.7 
0.2 ±0.3 



6.0 ± 1.0 
1.5 ±0.7 
0.5 ± 0.7 



20 ± 0.7 
15 ±1.4 
19 ±1.4 



10 ±1.4 
5.0 ± 1.4 
10 ±0.7 



58 ± 6.0 
72 ± 8.0 
71 ±4.0 



~*Mice were treated (ip) with 5 x 10 5 U of IFNx daily starting three days prior to OVA 
immunization as described in the Materials and Methods section. Airways havmg 
peribronchiolar aggregateswere enumerated and divided by the total number of bronchus 
examined in each section. Differential white cell counts from blood smears are presented 
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as percent cell type. Statistical significance for the inhibition of granulocytes and 
lymphocyte aggregates around the bronchioles was shown by i test for IFNx treatment as 
compared to PBS treatment (pO.001). Statistical significance for the inhibition of 
eosinophil (p<0.05) and basophil (p<0.1) by IFNx treatment as compared to PBS treatment 

was shown by Student's t test. 

Also, 78% of lung bronchioles in PBS-treated mice had lymphocytic infiltration 
compared to34% for IFNx treatment. In addition, differential counts on the blood of mice 
showed that IFNx-treated mice had lower levels of eosinophils and basophils as compared 
to those of PBS-treated groups, while neutrophil, monocyte, and lymphocyte levels were not 
significantly different from either the PBS-treated or naive (nonimmunized) mice. Thus, the 
data show that IFNx treatment inhibits inflammatory cell infiltration into the lungs of OVA- 
sensitized- mice when exposed to aerosolized OVA allergen. 

BMmEl e 3 lEfctreatgd mice have lower IT ,-4 levels than control mice 

IL-4 levels in sera of mice treated with PBS, IFNx, or nonimmunized (naive) mice 
were measured after aerosolized OVA exposure, which was given 20 days after 
immunization. It has been shown previously that IL-4 may be necessary for inducing the 
IgE isotype class switch in B cells (Lanzavecchia * al, 1984; Coffrnann, Carty et al, 1986; 
Coffmann, Ohara et al, 1986; Rothman et al, 1988). As shown in Figure 3, IL-4 levels in 
the IFNx-treated group were less than half of those of the PBS-treated group. 

r imp ir 1 In - n^ T _t r . a t m ent inhibits ^VA^edfic spknoc yte proliferation 

Spleens from nonimmunized (naive) mice and PBS- or IFNx-treated OVA- 
inununized mice were removed 20 days after OVA immunization in order to determine the 
inhibitory effect of IFNx treatment on OVA induced proliferation. Splenocytes were 
incubated in the presence of OVA for 84 h after which proliferation was assessed. As shown 
in Figure 4, significantly reduced proliferation in response to OVA was observed m 
splenocytes from IFNx-treated mice as compared to PBS-treated control mice. This 
proliferative activity was specific for OVA since bovine serum albumin (BSA) and myelin 
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basic protein (MBP) did not activate splenocytes (Figure 4 inset). Thus, in vivo IFNx 
treatment of allergen-primed mice inhibited cellular proliferation in response to allergen. 

Exagiple S - In *<~ EM ttSStol^ o f O V A - sensi tized sple noc ytes inhibits OVA-spe cific 
qp1»tir.PYtfts proliferation 

OVA sensitized splenocytes were treated in vitro with various IFNs in order to 
determine their effect on previously sensitized cells. Spleens were removed 20 days after 
OVA immunization and after aerosolized OVA treatment, and cultured with various type I 
IFNs for 84 h after which proliferation was assessed. In addition to ovine IFNx treatment, 
human IFNaD, and chimeric IFNx/IFNaD were also tested for their effects on OVA induced 
proliferation. The chimeric was tested as a potential for "humanized" IFNx for possmle 
human therapy. As shown in Figure 5, both IFNx and IFNaD inhibited OVA-specific 
splenocyte proliferation. Furthermore, the IFNx/IFNaD chimeric, which contained ammo 
acid residues 1-27 of ovine IFNx and residues 28-166 of human IFNaD, also had an 
inhibitory effect. Thus, treatment of OVA-sensitized splenocytes in vitro with type I IFNs 
suppressed cell proliferation. 

F^ampis fi T y p" I ^ S inhibit mouse and human Ig E production 

Immunoblots for the detection of IgE antibodies were performed on culture 
supematants taken from the proliferation assay experiments performed in Figure 4 and 5. 
As shown in Figure 6A, IgE was detected in cultures containing PBS-treated splenocytes that 
were incubated in the presence of OVA. There was little or no IgE in supematants from 
splenocytes of IFNx-treated mice. Immunoblots for detection of IgE in culture supematants 
from in vitro TFN treatment of OVA sensitized mouse splenocytes showed an inhibition of 
IgE production by all of the type I IFNs as compared to the media control (Figure 6B). The 
chimeric IFNx/IFNaD protein and the IFNaD protein were better inhibitors than was IFNx, 
however. 

The U266BL human myeloma eell line, whieh produces IgE antibodies conshtuuvely 
was also incubated with me type I IFNs in order .0 determine if the IFNs had a diree. effect 
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on the human IgE-producing B cel.s. Cells were starved overnight prior to treatment wtth 
varions type 1 IFNs, inelnding the IFNx/IFNoD chimerie. After incnbation with the IFNs 
for % h supernatant* were co.lected and IgE levels were de.ee.ed by itnmunoblot. As 
shown in Figure 6C, IgE levels were lower in the IFN treated groups as eompared to the 
media control. Thus, type I IFNs inhibit U266BL human myeloma eells and OVA-speetftc 
mouse B cells from producing IgE antibodies. 

F ,„ r r t. i . tfn m a im ataalitotia B " f W-w<*"™? m ^" la cg " 5 

The U266BL myeloma eells were cultured in the presenee of 10,000 U/ml of IFNs 
for 72 h after which proliferation was measured. All IFNs inhibited proliferation of the 
cells by about 50% or more with IFNoD being the most effective and IFN, being the leas, 
effective (Figure 7). Viabilities were determined and showed tttat the IFNctD was the most 
toxic (67% viability) as compared to the ffNx (80% viability) and the IFNx/IFNa chimenc 
(75% viability). The IFNx/IFNaD ehtmerie suppressed proliferation more effectively than 
ffNx but not as effectively as IFNaD. Thus, type I IFNs, with various toxicity levels, tnhtbtt 
the cell proliferation of the human IgE producing cell line, U266BL. 

Eaa nte 8 . i . a ck e liws te gQis imwm fhinwt <m imm Peripheral blood 
mn|t-tr-)—'"- lumpBMCT . 

The IFNt/IFNaD ehimerie was compared with recombinant ovine IFNx and 
recombinant human IFNaD for toxicity on HPBMC. After seven days of treatment of the 
HPBMC with various concentrations of IFNs (250 to 100,000 U/ml), toxicities were 
measured based on the enzymatic activity of tire mitochondrial dehydrogenases in vtable 
cells As shown in Figure 8, human IFNaD was toxic a. concentrations of 1 ,000 ,0 100,000 
U/ml as eompared to ovine IFNx and IFNx/IFNaD chimeric, which did not show toxtctty a. 
any concentration. Thus, the IFNx/IFNaD chimeric, like ovtne IFNx, .ached the toxtctty 
associated with human IFNaD. 
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It should be understood that the examples and embodiments described herein are for 
illustrative purposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview 
of this application and the scope of the appended claims. 
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